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論 文 内 容 要 旨
Glucagon-like peptide-1 (GLP-1) receptor agonists are an effective treatment approach for type 
2 diabetes. Recently, anti-inflammatory effects of GLP-1 receptor agonists have also been reported. 
Lipopolysaccharide (LPS) induces inflammation and osteoclast formation. At first, we investigated 
the effect of exendin-4, a widely used GLP-1 receptor agonist, in LPS-induced osteoclast formation 
and bone resorption. LPS with or without exendin-4 was administered on mouse calvariae by daily 
subcutaneous injection. The number of osteoclasts, the ratio of bone resorption pits and the level 
of C-terminal cross-linked telopeptide of type I collagen (CTX) were significantly lower in LPS and 
exendin-4 co-administered mice than in mice administered LPS alone. RANKL and TNF-α mRNA 
expression levels were lower in the exendin-4 and LPS co-administered group than in the LPS-
administered group. Our in vitro results showed no direct effects of exendin-4 on RANKL-induced 
osteoclast formation, TNF-α-induced osteoclast formation, or LPS-induced RANKL expression in 
stromal cells. Conversely, TNF-α mRNA expression was inhibited in the exendin-4 and LPS co-
treated macrophages compared with cells treated with LPS alone. These results indicate that the 
GLP-1 receptor agonist exendin-4 may inhibit LPS-induced osteoclast formation and bone resorption 
by inhibiting LPS-induced TNF-α production in macrophages.
Orthodontic patients with diabetes mellitus are increasing due to global population aging and poor 
dietary management, so it is crucial to understand the effect of diabetes medicine on orthodontic 
tooth movement. Exendin-4, a GLP-1 receptor agonist, is a subcutaneously administered medicine for 
type II diabetic patients with less side effects. The second purpose of this study was to investigate 
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of osteoclast-related cytokines. A 10 gm NiTi coil spring was placed between the anterior alveolar 
bone and upper left first molar of each eight-week-old male C57BL/6 mouse. 20 μl exendin-4 
solutions (containing 0.2 μg, 4 μg or 20 μg exendin-4) or PBS solution was injected on the buccal 
side of upper left first molar respectively every two days (n=4). After sacrifice on twelfth day, 
silicone impressions were taken to record tooth movement distance. 20μg exendin-4 injection 
group had lower orthodontic tooth movement distance than PBS injection group. The left maxillae 
of PBS and 20μg exendin-4 injection groups were also excised for histological analysis and RT-
PCR analysis. Compared to PBS group, 20μg exendin-4 injection group showed lower osteoclast 
number, and odontoclast number, and root resorption surface percentage. The maxillae with 20 μ
g exendin-4 injections also had lower RANKL mRNA expression, TNF-α mRNA expression, and 
RANKL/OPG ratio than the maxillae with PBS injections. There was no difference in the expression 
of OPG mRNA. Exendin-4 inhibits orthodontic tooth movement, so more attention should be paid 
to orthodontic patients who take exendin-4 for diabetes treatment. Since exendin-4 prevents 
orthodontic root resorption, GLP-1 receptor may be a treatment target for clinical cases with severe 
root resorption.
















報告では，申請者のグループで確立した頭蓋冠にEscherichia coli  LPS(LPS) を注射するin vivoの実験
系で，exendin-4の骨吸収抑制効果を解析している。骨形態計測の解析結果より，exendin-4を投与する
ことでLPSにより誘導される骨吸収は有意に抑制し，また破骨細胞分化に関わるRANKLおよびTNF-
αの発現を抑制していることが観察された。しかしexendin-4は直接破骨細胞の誘導には関与せず，炎
症時にマクロファージが分泌するTNF-α を抑制することで破骨細胞の活性化を抑制していることを
明らかにした。後半の研究ではマウス矯正モデル実験で歯の移動に関してexendin-4が及ぼす影響を解
析した。この実験系を用いてexendin-4は歯の移動を濃度依存的に抑制することを証明した。従って，
－ 12 －
exendin-4がマクロファージに作用して炎症性サイトカインの抑制に働くことで，骨吸収のみならず歯
根吸収も抑制することが示された。著者はこれらの結果より，糖尿病患者に特化した矯正治療に応用
する必要性を示唆している。
本研究の成果はexendin-4による炎症性骨吸収抑制効果におけるマクロファージに及ぼす影響を解明
しており，学術的意義も大きいと考えられる。本研究の成果は新たな糖尿病患者の矯正治療の開発に
寄与するものであり，歯科全般の臨床領域に学術的貢献をし得ることから 博士（歯学）の学位論文と
して相応しいと判断する。
